In this paper we analyze the characteristics of an experimental otolith identification system based on image contours described with Elliptical Fourier Descriptors (EFD). Otoliths are found in the inner ear of fishes. They are formed by calcium carbonate crystals and organic materials of proteic origin. Fish otolith shape analysis can be used for sex, age, population and species identification studies, and can provide necessary and relevant information for ecological studies. The system we propose has been tested for the identification of three different species, Engraulis encrasicholus, Pomadasys incisus belonging to the different families (Engroulidae and Haemolidae), and two populations of the species Merluccius merluccius (from CAT and GAL) from the family Merlucciidae. The identification of species from different families could be carried out quite easily with some simple class identifiers -i.e based on Support Vector Machine (SVM) with linear Kernel-; however, to identify these two populations that are characterized by a high similarity in their global form; a more accurate, and detailed shape representation of the otoliths are required, and at the same time the Otolith identifiers have to deal with a bigger number of descriptors. That is the principal reason that makes a challenging task both the design and the training of an otolith identification system, with a good performance on both cases.
Introduction
Otoliths are found in the inner ear of fishes. They are formed by calcium carbonate crystals and organic materials of proteic origin. The shapes and proportional sizes of the otoliths vary with fish species. In general, fish from highly structured habitats such as reefs or rocky bottoms will have larger otoliths than fish that spend most of their time swimming at high speed in straight lines in the open ocean. Flying fish have unusually large otoliths, possibly due to their need for balance when launching themselves out of the water to "fly" in the air. Often, the fish species can be identified from distinct morphological characteristics of an isolated otolith. It is also widely accepted that fish otolith shape analysis can be used for sex, age, population and species identification studies, and can provide necessary and relevant information for ecological studies. Successful stock discriminations using otolith shape analyses have been reported by Casselman et al. (1981) , Bird et al. (1986) , Campana & Casselman (1993) . Moreover the variability in the left sagitta otolith shape has been related to genetic, ontogenetic and environmental factors (Lombarte et al. 2003) . Several methods are used to describe and compare form in morphological studies, such as ratios of linear dimensions, Euclidean distance matrix analysis, eigenshape analysis, and several variations of Fourier analysis (Chen et al. 2000; Iwata 2002) . The traditional approach to contour feature extraction is based on expanding the contour into a two-dimensional series by means of elliptic Fourier analysis (Kuhl and Giardina 1982) . The data are reduced by selecting only a set of coefficients for the expansion. Appropriate feature extraction and compaction is essential for obtaining good results in automatic classification systems. One of the major problems when complex data sets are classified is the number of variables involved. In pattern recognition and image processing, feature extraction is a form of dimensionality reduction. Although Elliptic Fourier Descriptors (EFD) can represent any outline when a large number of coefficients are used, in practical applications the number of harmonics is limited to a certain value, i.e 40 coefficients (Parisi et al. 2005; Tracey et al. 2006) ; therefore, EFDs only represent an approximation to the original contour. This problem comes to light when there is a close similarity between different species or populations from the same species. In these cases the design and the training of the identifier is a challenging task. In this paper we will show some results on both cases.
Materials and Methods
The test material was taken from the AFORO database (http://aforo.cmima.csic.es), a web based environment for shape analysis of fish otoliths (Lombarte et al. 2006 ). The database is regularly updated and at present (05/20/2010) it contains a total of 2874 high resolution images corresponding to 841 species and 168 families from the Western Mediterranean Sea, Weddell Sea and Antartic Peninsula, Southwestern Atlantic (Uruguay and Argentina, Northwestern Atlantic and Gulf of Mexico), Northeastern Atlantic (From Senegal to North Sea), Southeastern Atlantic (Namibia), Indic (Tanzania) and Pacific (New
